D-glucose transport into suspend human fibroblasts. by Werdan, K. et al.
Hoppe-Seyler's Zeitschrift für 
Physiologische Chemie 
Band 361 — 1. Jahreshälfte 
Fortgeführt von A. Kossei, F.Knoop und K.Thomas • Herausgegeben von 
A. Butenandt, K. Decker, G. Weitzel 
unter Mitwirkung von K. Bernhard, J. Engel, H. Fritz, E. Helmreich, 
H. Herken, B. Hess, N. Hilschmann, H. Hilz, P.W. Jungblut, P. Karlson, H.L. Kornberg, 
K. Kühn, F. Leuthardt, D. Oesterhelt, K. Rajewski, J. Seelig, G. Siebert, H. Simon, 
Hj. Staudinger, W. Stoffel, H. Tuppy, H. Wiegandt, H.G. Wittmann, H.G. Zachau, H. Zahn 
Redaktion A. Dillmann, G. Peters 
W A L T E R D E 
W 
D E 
G 
1980 
G R U Y T E R • B E R L I N N E W Y O R K 
Autoren-Verzeichnis der ersten Jahreshälfte 1980 
U n l v e r . ; " ~ 
Autorenverzeichnis der ersten Jahreshälfte 1980 Biblio'-V-.Ä 
Münch on 
Ackermann, Th. 256 
Adrian, W. 211 
Aft ing, E.-G. 256 
Agerwal, D.P. 212, 270 
Ahlers, J. 212 
Aktories, K. 273 
Alkan, 191 
Allam, S. 212 
Alonso, A . 290 
Althaus, H.-H. 213 
Amouric, M . 85 
Andersson, I . 213 
Anderson, S. 493 
Antoniadis, A . 305 
Anukarahanonta, T. 281 
Arnold , E. 224 
Arnold , M. 351 
Auerswald, E.-A. 214 
Auling, G. 214 
Aumüller, G. 259 
Babczinski, P. 214 
Bade, M . 215 
Bäuerlein, E. 340 
Bald, R. 215 
Balk, HL 216 
Bankier, A . T . 493 
Barckhaus, R . H . 323 
Barnard, E .A. 235 
Barnikol, W . K . R . 229 
Barrell, B.G. 493 
Barth, C.A. 216,614 
Bartholmes, P. 216, 304, 
346 
Barz, W. 272, 287, 347 
Bassewitz, D .B . von 274 
Bauch, H.-J. 217 
Bauer, Ch. 217 
Bause, E. 218 
Beato, M . 345 
Beckermann, W.J. 270 
Bellmann, B. 218 
Berg, D. 219 
Berg, H . 355 
Berg W. 219 
Berger, D. 228 
Berlin, J. 219,324 
Berndt, J. 223 
Berndt, H . 857 
Bernhardt, F.-H. 211, 
341 
Bernhardt, J. 220 
Betz, H. 498 
Beyersmann, D. 221 
Beyreuther, K. 145, 220, 
895 
Bigatke, H . 259 
Bi l l , E. 211 
Binder, M . 221 
Birkigt, G. 327 
Birmes, B. 222 
Bisanz, C. 496 
Bleistein, J. 595 
Blomberg, F. 222 
Bode, J. 348 
Bohlmann, F. 223 
Bonn, B. 299 
Boiteux, A . 610 
Boll , M . 223,543 
Borgström, A . 625,633 
Borst, P. 494 
Boschek, C.B. 457 
Bosma, H.-J. 312 
Botes, D.P. 413 
Botzet, G. 275 
Bracht, A . 347,357,613 
Brand, I . 610 
Brand, K. 224, 263 
Brandt, W.F . 943 
Braun, D .G. 191 
Braunitzer, G. 401 , 587, 
925, 933, 969 
Bredehorst, R. 559 
Breer, H . 276 
Brekle, A . 31 , 224 
Breyer, J. 224 
Brigelius, R. 225 
Brocks, D .G. 225, 258, 
609 
Bröker, M . 226 
Brossmer, R. 230, 246, 
280, 307, 309, 338, 
697 
Brown, R . D . 213 
Brückner, E. 223 
Brummer, W. 226 
B r u i j n , M . H . L . d e 493 
Brunn, H . 611 
Brunner, G. 1 
Brust, R. 227 
Buckley, N . 332 
Buddecke, E. 129, 227, 
244,308 
Büchsei, R. 228, 290,319 
Büllesbach, E.E. 723, 
735, 857, 865 
Bünger, R. 607, 907 
Bunting, C.E. 614 
Büschsei, R. 319 
Burkhard, A . 228 
Burkhard, O. 229 
Burnett, D. 781 
Buse, G. 495 
Cammack, R. 281 
Cantz, M . 277 
Carafoli, E. 289 
Cechovä, D. 461 , 715 
Chang, L . 284 
Chelibonova-Lorer, H . 17 
Chen, E. 493 
Chiam, C.L . 229 
Chua, N. -H. 496 
Clapshaw, P. 305 
Cohn,W. 230 
Colpan, M . 306 
Conrad, G.W. 325 
Conradt, H.S. 230 
Conzelmann, E. 230 
Coone, H.J . 615 
Corfield, A.P. 231 
Coulson, A . R . 493 
Crause, P. 153 
Cremer, T. 91 
Czlonkowska, A . 296 
Dabrowski, J. 260 
Dahnke, H.-G. 232 
Dahr,W. 145,895 
Damerau, B. 915 
Danho, W. 735, 747, 
839, 849, 857, 865 
Dartt , D. 253 
Date, T. 501 
Datema, R. 232 
Dayhoff, M . O . 495 
Debuch, H . 252, 260, 
353,595 
Decker, H . 649 
Degenhardt, R. 308 
Degkwitz, E. 79 
Delbrügge, J. 177 
Demain, A . L . 233 
Denissenko, N . 332 
Dibbelt, L . 234 
Diehl, A . 234 
Dietz, G. 234 
Diringer, H . 235, 326 
Ditgens, K . 219 
Doerfler,W. 335 
Dörnemann , D. 187 
Dolly, J.O. 235 
Domke, I . 591 
Dompert, W. 346 
Domres, B. 265 
Donnelly, D . M . X . 347 
Dose, K. 324 ,469 
Doster, W. 236 
Drecoll-Lütjen, E. 224 
Drenckhahn, D. 236 
Driesen, W. 349 
Drouin, J. 493 
Drüen, B. 212 
Dütsch, M. 236 
Durchschlag, H . 237, 
238, 239, 355 
Ebel, J. 241 
Eckhardt, H . 240 
Eckstein, F. 353 
Egerer, P. 240 
Egge,H. 260,306 
Eggerer, H . 875 
Egin-Bühler, B. 241 
Ehrenfeld, M . 234 
Ehrlich, K. 641 
Eigenbrodt, E. 611 , 241, 
245 
Elbers, R. 69 
Ellis, B.E. 242 
El-Sharaky, A .S . 791 
Engel, W.-D. 242, 273 
Entenmann, A . H . 959 
Eperon, I .C . 493 
Epp, O. 292 
Erdmann, G. 243 
Esser, P. 243 
Fahrenholz, F . 153 
Farkas, P. 238 
Farrar, G .H. 473 
Feige, G.B. 244 
Feldmann, K . 244 
Figarella, C. 85 
Figura, K . v o n 129, 135, 
262, 334, 337 ,499 
Filipovic, I . 129, 244 
Fister, P. 245 ,611 
Autoren-Verzeichnis der ersten Jahreshälf te 1980 
Fi t t ing, H.-H. 328 
Fleischmann, K. 217 
Föhles , J. 735, 839, 
849, 857 
Follmann, H . 214, 245 
Forsen, S. 289 
Frank, A . 216 
Fouad, F . M . 703 
Franken, H.-D. 246 
Fretzdorff, A . - M . 41 
Frevert, J. 465, 537 
Friebolin, H . 246, 280, 
697 
Friis, R.R. 335 
Frischauf, A . - M . 500 
Fromme, H.G. 323 
Frommer, W. 219 
Fuchs, E. 266 
Fulling, R. 301 
Gabaldon de Koch, I . 247 
Gahr, M . 829 
Ganten, D. 335 
Gardiner, S.E. 265 
Garoff, H . 500 
Garten, W. 248 
Gassen, H .G. 269, 327 
Gatterer, H .G . 355 
Gattner, H.-G. 735, 747 
Gau,W. 219 
Gebauer, G. 248 
Gebhardt, R. 302,616 
Geiger, R. 563 
Geisen, K. 563 
Gercken, G. 311 
Gerhards, R .E . 248 
Gerlach, E. 907 
Gerlach, U . 351 
Gerok,W. 317 
Gersonde, K . 211, 333, 
341 
Gerzer, R. 249 
Geyer, R. 249,308 
Ghraf, R. 267, 282 
Gielen, W. 145, 895 
Giesing, M . 232, 250 
Giess, S. 251 
Glanert, S. 907 
Glössl, J. 251 
Glombitza, K.-W. 252 
Glossmann, H . 241 
Goedde, H.W. 212, 270 
Göpfer t , E. 252 
Goertz, B. 253 
Goodman, J. 501 
Goppelt, M . 293 
Gordon, K. 496 
Got twik , M . 352 
Govindan, M . V . 953 
Gräßle , B. 551 
Graf,P. 334 
Gratzl, M . 253,498 
Greiling, H . 287 
Greischel, A . 254 
Gressner, A . M . 254, 287 
Gries, F . A . 614 
Grisebach, H . 297,327 
Gronemeyer, H . 255 
Groot, H . de 255 
Groß , H.J . 256,477 
Grubert, M . 256 
Grünhagen, H . H . 257 
Grünsfelder, P. 261 
Grumbach, K . H . 257 
Grundmann, E. 258,457 
Guder, W.G. 258, 350, 
609 
Günther , H . 240 
Gunawan, J. 353 
Gustavsson, E.-L. 169 
Haas,G.H.de 259 ,571 
Haas,H. 352 
Haas, W. 255, 319 
Habermann, E. 259 
Hagen-Aukamp, Ch. 259 
Hahlbrock, K . 265 
Hama, T. 61 
Hameister, H . 255 
Hammann, R. 300 
Hanauske, A . 243 
Hanfland, P. 260 
Hannig, K. 389 
Harada, S. 212 
Harbers, E. 227 ,309 
Harder, A . 260 
Harder, R. 261 
Hartmann, H.-J. 261 
Hartmann, Th . 348 
Hartter, P. 503 ,515 , 
525 
Hashem, A . 225 
Hasilik, A . 262,499 
Haunerland, N . 262 
Hauschildt, S. 263 
Haustein, D. 885 
Haverkamp, J. 641 
Havranovä, M . 461 
Havsteen, B. 263 
Heame, P. 501 
Hegazy,E. 263 
Heidr ich ,H.G. 595 
Heiland, S. 267 
Heilmann, H.-D. 264 
Heilmeyer, L . M . G . Jr. 
236 
Heinle, H . 264 
Heinrich, P.C. 290, 327 
Heinz, E. 244 
Heibig, H.-J. 865 
Heidt, H.-W. 69 
Heller, W. 265, 349 
Hemmerich, P. 339 
Henco, K . 348 
Hengstenberg, W. 220, 
272 
Henrich, B. 266 
Hennrich, N . 226 
Henschen, A . 943 
Hermann, R. 266 
Herrmann, R.G. 496 
Herzbeck, H . 272 
Herzog, V . 497 
Hess, B. 6 1 , 236,610 
Heußner , R. 344 
Heymann, E. 211, 267, 
302 
Hiemke, C. 267 
Hilbig, R. 268 
Hildebrandt, J.W. 496 
Hillmar, I . 216,614 
Hilz, H . 559 
Hinz, H.-J. 201 ,332 ,346 
Högel, J. 237 
H ö r m a n n , H . 379 
H o f mann, F. 249, 268 
Hoffmann, J. 308 
Hojdis ,W. 347 
Holbrook, J.J. 274 
Holldorf, A .W. 353 
Holler, E. 268 
Hollmann, S. 215 
Holloway, Ch.J. 1 
Holschuh, K . 269 
Holstege, A . 269, 281, 
612 
Hol t , C. von 943 
Hol twick , A . 331 
Hoo, J.J. 270 
Hoshino, J. 270 
Hossmann, K. -A. 312 
Huang, S. 795 
Huben, B. 271 
Huber, R. 292, 875, 977 
Hucho, F. 271, 336,577 
Hue, L . 610 
Hückel, D. 221 
Hüdig, H . 272 
Hüsemann, W. 272 
Hüther , G. 315 
Hunsmann, G. 249 
H u t h , W . 613 
Ikeda, T. 61 
Jaenicke, R. 237, 238, 
266, 304 
Jagow, G. von 242, 273 
Jakobs, K . H . 273 
Jander, R. 274 
Jaus, H . H . 551 
Jeck, R. 228,234 
Jeckel, D. 274 
Jelinic, V . 379 
Jennissen, H.P. 275, 292, 
295, 329, 342 
Jeserich, G. 276 
J i lg ,W. 389 
Jordan, W. 276 
Joubert, F.J . 4 2 5 , 6 6 1 
Jungblut, P.W. 959 
Junge, W. 344 
Jungermann, K. 608 
Juretschke, H.-P. 277 
Kaiser, P .M. 236 
Kaiser, W. 612 
Kalaydjieva, L . 277 
Kalbitzer, H.R. 220 
Kamerling, J.P. 314 
Kamp, G. 278 
Kandier, O. 981 
Kaper, J .M. 336 
Karduck, D. 473 
Kaschkat, G. 212 
Kastner, B. 278 
Kastner, M . 197 
Kattermann, R. 281 
Katz, N . 608 
Kayser, H . 279 
Kecskemethy, N . 279 
K e i l , W . 308 
Keil ich, G. 246, 280, 
697 
Keppler, D . 269, 281, 
612 
Keradjopoulos, D . 353 
Kerscher, L . 281 
Kimura, K . 61 
K i n d l , H . 465 ,537 
Kirchhoff , J. 282 
Klatte, W. 234 
Klein , H . H . 352 
Klein , H.W. 282 
Autoren-Verzeichnis der ersten Jahreshälf te 1980 
Klein, O. 187 
Klein , U . 499 
Kleine, T .O. 283, 284 
Kleinehollenhorst, G. 284 
Kleine-Katthöfer , P. 355 
Kleineke, J. 608 
Kleinig, H . 295 
Kle inow,W. 287 
Kleinschmidt, T. 401 , 
933 
Klenk, H.-D. 248, 308 
Klingenberg, M. 288 
Klump, H . 285 
K n a b , I . 261 
Knecht, R. 191 
Knobloch, K . H . 219, 
326, 328 
Knoell, H.E. 285 
Knüver, J. 285 
Koch, M . A . 235 
Koch, N . 885 
Koenig, S.H. 213 
Koller, W. 465 
König, H . 981 
Kordel , W. 286 
K ö s t , H . - P . 286 
Köster , J. 287 
Koester-Eiserfunke, W. 
254, 287 
Kohlsdorfer, C. 287 
K o l b , H . 222 ,306 ,310 
Kolb-Bachofen, V . 222 
Koschel, K. 288 
Koschinsky, T. 614 
Kovatchev, St. 260 
Krämer, R. 288 
Kraus, P. 9 
Krauss,G. 289, 801, 809 
Krebs, J. 289 
Kreibich, G. 497 
Kreisel, W. 290,319, 
344 
Kresse, H . 135, 251, 354 
Kreutzberg, G.W. 296, 
317 
Kröger, H . 270 
Krüger, E. 773 
Krüger, J. 145,895 
Kühn, B. 290,327 
K ü h n , N . 234 
Küster, J .M. 291,314 
Kukla , D. 875 
Kukora , J . 633 
K u l a , M . R . 201 
Kulbe, K . D . 291 
K u r z , J . 219 
Ladenstein, R. 292 
Lahr,P. 292 
La Mar, G . N . 333 
Langner, D. 563 
Langowski, J. 293 
Lazarow, P.B. 499 
Lee, C.-y. 795 
Legier, G. 321 
Lehner, K . 91 
Lehrach, H . 500 
Leipold, B. 293 
Leistner, E. 217 
Lemm, U . 294 
Lenger, K . 294 
Lengyel, H . 559 
Lesch, R. 281 
Lewandowski, R. 294 
Lezius, A . 271 
L i , S.S.-L. 795 
Liedvogel, B. 295 
L i l l , U . 875 
Lingens, F. 323, 801 , 809 
Linzen, B. 649 
L ö f f l e r , H . G . 286, 313 
Logemann, E. 295 
Lohmann, J. 296 
Lopez del Pino, V . 263 
Lucas, C A . 296 
Lück, H.J. 610 
Lüdemann, H.-D. 304 
Lüderitz, Th . 297 
Lührmann, R. 215, 240, 
297 
L ü p k e , U . 298 
Lyddiat t , A . 235 
Maass, G. 293 
Macartney, H.W. 298 
M a d r y , N . 299 
Maier, V . 254 
Mai ta ,T . 105, 119 
M a l l , A . 819 
Mangold, H . K . 272 
Mannheim, W. 284 
Manske,W. 299 
Manz, B. 953 
Marciniszyn, Jr., J.P. 795 
Maret,W. 213 ,300 
Marie, A . L . 603 
Mark, K. von der 325 
Mark l , J . 649 
Mark-Neuwirth, H . v o n 
der 401 
Markwardt, F . 25 
Martin, W. 525 
Mart ini , O. 261 
Marx, A . 300, 307 
Matsuda, G. 105, 119 
Mattes, R. 332 
Maurer, H .R. 197 
Mebs, D. 301 
Mecke, D. 302, 314,616 
Medugorac, I . 301 
Mehnert, F .E. 248, 342 
Mei je r ,A.J . 611 
Melzner, I . 755, 773 
Menke, G. 301 
Menke, R. 613 
Mentlein, R. 302 
Mersmann, G. 3 1 , 224 
Merz ,W.E. 302 
Messerschmidt, O. 91 
Metzler, H . 302 
Meyer, E. 303 
Middendorf, F. 135 
Mössner, E. 543 
Momoi , T. 177 
Montz, H . 213 
Mraz,W. 177 
Mühlbach, H.-P. 316 
Mühleisen, M . 303 
Müller, F. 246 
Müller, H . 336 
Müller, H.W. 305 
Müller, J. 675 
Müller, K . 304 
Müller, M . 69 
Müller, W.E. 305 
Müller, W.E.G. 469 
Mülsch ,A. 306 
Murawski, U . 306 
Muß, H.P. 220 
Muta, E. 681 
Nagamura, Y . 306 
Naithani, V . K . 723, 857 
Nauen, P. 296 
Neuhoff, V . 77 ,213, 
315 
Neumann, E. 220 
Nicolai, H . v o n 243, 300, 
307 
Niemann, H . 308 
Niemann, R. 227, 308 
Nierlich, D.P. 493 
Nittinger, J. 551 
Noe l l ,C . 69 
Nohl , H . 276 
Noldt , P. 270 
Nonnenmacher, D. 309 
N o t b o h m , H . 309 
Nowack, H . 322 
Oberrauch, W. 302 
Oberthür , W. 969 
Oesterhelt, D . 281 
Ohlsson, K. 169,625, 
633 
Olsson, A.-S. 169 
Orth, H .F . 226 
Osburg, M . 310 
Ott , U . 322 
Oulevey, J. 310 
Pachmann, U . 234 
Pai ,E.F. 310 ,339 
Palm, D. 282 
Pan, Y.-C.E. 795 
Pape, H . 226, 299 
Pape,W. 311 
Päques, E.P. 445, 977 
Parak,F. 603 
Parker, D. 274 
Paschen, W. 312 
Pauls, H . 312 
Pausch, J. 317 
Peek,A. 217 
Pegels, G. 284 
Pelzer, H . 313 
Peter, M . G . 313 
Petersen, J . K . H . 342 
Petz, D. 313 
Pfeiffer, B. 51 
Pfeiffer, E. F. 254 
Pfeiffer, F. 314 
Pfeil, R. 314 
Pfleiderer, G. 543,675 
Pfletschinger, J. 925 
P ie l ,N. 315 
Pietschmann, R. 315 
Pingoud, A . M . 293 
Pirzer, P. 875 
Poehling, H. -M. 77 
Pohl, R. 264 
Pongs, O. 207, 255 
Popp, A . 221 
Porra, R.J. 187 
Presek, P. 241 
Prinz, R. 129 
Probst, W. 303 
Proud, C. 610 
Rabe, U . 334 
Rackwitz, H.-R. 316 
Rafael, J. 437 
Rahmann, H . 268, 303 
Rainer, F. 320 
Rambeck, W.A. 316 
Ranscht, B. 332 
Autoren-Verzeichnis der ersten Jahreshälf te 1980 
Rasenack, J. 317 
Rathgeber, G. 324 
Rathmayer, W. 317 
Rautenberg, P. 318 
Rautenberg, J. 212, 274 
Reddington, M . 317 
Regitz, G. 563 
R e h m , H . 498 
Reiffen, K . A . 318 
Reinacher, M . 3 25, 611 
Reinauer, H . 614 
Reinwald, E. 318 
Reisen, J. 791 
Rengers, U . 308 
Reuter, F. 319 
Reutter, W. 217, 228, 
290, 319, 344 
Ribitsch, G. 320 
Ribitsch, V . 320 
Richter, D. 293 
Riesner, D. 306, 336 
Risse, H.-J. 318 ,322 
Risteli, L . 322 
Rittner, I . 213 
Robertson, J .M. 349 
Rodewald, K . 587 
Roe, B. 493 
R ö h m , K . -H . 285 ,320 
Rosen, P. 614 
Roeser, K.-R. 321 
Rösner , H . 321 
Rössler, H . H . 322 
Rohde, H . 322 
Romen, W. 551 
Rose, U . 307, 338 
Ross,W. 591 
Rudolph, R. 266 
Rüdiger, H . 248 
Rüterjans, H . 222, 246, 
277, 301 , 332 
Sabin ski, F . 323 
Sänger, H . L . 316 
Salcher, O. 323 
Saleh, M . 339 
Samejima, Y . 301 
Sandhoff, K . 230,323 
Sanger, F. 493 
Santoro, J. 277 
Sasaki, A . N . 735, 747, 
857 
Sasse, F. 324 
Sattler, J. 177 
Sauer, A . 299 
Savel,A. 649 
Schadewaldt, P. 615 
Schäfer, D. 219 
Schäfer, H.-J. 324 
Schäfer, K.P. 247, 279 
Schaltmann, K. 207 
Schaper,W. 2 7 5 , 3 5 1 , 
352 
Scharrenburg, G.J .M. van 
571 
Schauer, R. 231, 291, 
314, 641 
Schedel, R. 496 
Schell, A . 325 
Schering, B. 325 
Scheurich, P. 324 
Schiebler,W. 271 
Schütz , E. 248 
Schirmer, R . H . 310 
Schleifer, G. 326, 328 
Schlepper-Schäfer , J. 310 
Schlimme, E. 330 
Schmeißer , S. 326 
Schmelzer, E. 327 
Schmid, G. 327 
Schmid, H . 819 
Schmidt, D. 219 
Schmidt, R.R. 219 
Schmidt, U . 819 
Schmitt, M . 327 
Schmitt, W. 326, 328 
Schnackerz, K . D . 244 
Schnarrenberger, C. 328 
Schneider, Fr. 286, 313, 
318 
Schneider, G. 329 
Schneiders, G. 272 
Schobert, B. 329 
Scholz, M . 819 
Scholz, R. 6 9 , 3 5 7 , 6 1 3 
Scholze, H . 977 
Schoner, W. 241, 245, 
312, 325 ,611 
Schott, E. 330 
Schott, F. J. 256 
Schott, H . 330 
Schramm, H.J . 330 
Schrappe, O. 212 
Schreier, P.H. 493 
Schriewer, H . 296, 331 
Schröder , H.C. 469 
Schubotz, L . M . 331 
Schultek,T. 294 
Schultz, G. 249 
Schulz, G.E. 310, 339 
Schulz, W. 332 
Schurz, J. 320, 355 
Schuster, R. 237, 238 
Schwab, A . J . 357,613 
Schwabe, U . 69 
Schwartz, M . 500 
Schwartz, P. 213 
Schwartz, R . M . 495 
Schwarz, R .T . 232 
Schwarzmann, G. 177, 
231 
Schwenen, M . 615 
Schwenk, M . 263 
Schwermann, J. 227 
Schwippert, B. 614 
Sedläkovä, E. 461 
Seemann, B. 177 
Seidl ,A. 332 
Seifert, T. 304 
Seifert, W. 305, 332 
Seitz, H.J . 615 
Sel 'kov,E.E. 610 
Senger, H . 187 
Seyer, P. 496 
Sibrowski,W. 615 
Sick, H . 333 
Siebert, G. 551 ,559 
Sierralta, W. 959 
Sies, H . 334 ,612 
Siess,E.A. 225 ,334 ,607 
Sievering, B. 271 
Silver, P. 501 
Simon, H . 240, 339 
Simons, K . 500 
Sindermann, H . 289 
Sinn,W. 334,337 
Slotboom, A . J . 571 
S l o t t a , K . H . 599 
Smith, A . J . H . 493 
Soboll, S. 69 ,607 
Söling, H . D . 608, 610 
Sommer, O. 907 
Speck, G. 335 
Spener, F. 262, 323, 340 
Spengler, U . 551 
Stabel, S. 335 
Staden, R. 493 
Stärk, D. 551 ,559 
Staib,W. 615 
Steger, G. 336 
Steinbach, H . 895 
Steinkilberg, M . 330 
Stengelin, S. 336, 577 
Stevenson, A . F. G. 91 
Stirm, S. 249 
Stock, W. 4 1 , 5 1 
Stockley, R . A . 781 
Stöffler-Meilicke, M . 215, 
278, 297 
Stoffel, W. 755, 773 
Storkebaum, W. 337 
Strunk, N . 284 
Stürzebecher , J. 25 
Stulz, J. 256 
Stumpf, K. 258 
Sturm, G. 551 
Sudhakaran, P.R. 129, 
334, 337 
Süssmuth, R. 801, 809 
Sütfeld, R. 338 
Sumikawa, K. 235 
Summ, H.-D. 563 
Sumper, M . 346 
Supp, M. 246, 280, 338, 
697 
Suzuyama, Y. 119 
Switzer, R . L . 303 
Tacken, H . 271 
Tager, J .M. 611 
Taljaard,N. 425 ,661 
Tamaki, N . 61 
Tauber, R. 319 
Thiebe, R. 338 
Thiele, O.W. 310 
Thieme, R. 339 
Thierauch, K . -H . 153 
Thomas, H . 343 
Thorn, N . A . 253 
Thul in , E. 289 
T impl , R. 322 
Tischendorf, G. 215 
Tischer, W. 339 
Tober, I . 340 
Torp-Pedersen, Ch. 253 
Trasch, H . 340 
Trau t we in , A . 211 
Tschesche, H . 298, 345 
Tsuji, H . 681 
Twilfer , H . 211, 341 
Uhlenbruck, G. 473 
Ul l r ich , V . 681 
Umegane, T. 119 
Uwira, N . 342 
Van Berkel, Th.J .C. 609 
Van de Leur, E. 254 
Van T o i , A . 609 
Varsänyi , M . 236 
Veh, R.W. 231,342 
Venkov, P.V. 17 
Veselsky, L . 715 
Veser, J. 343 
Vesterberg, O. 617 
Autoren-Verzeichnis der ersten Jahreshälfte 1980 
Vierbuchen, S. 252 
Viljoen, C.C. 413 
Voelter ,W. 969 
Vogt, W. 915 
Volk , B. 290 ,319 ,344 
Vosberg, H.-P. 348 
Voss,B. 212, 262 
Wagner, R. 229, 344 
Waldron-Edward, D. 703 
Walsch, S. 79 
Wanders, R.J .A. 611 
Watzlawik, H . 330 
Weber, F . 230 
Wedeking, B. 355 
Wegener, G. 234, 278 
Weis, W. 591 
Weitzel, G. 4 1 , 5 1 
Wellhöner, H . H . 243 
Weltring, K . - M . 347 
Wember, M . 231 
Wendel, A . 292 
Wenzel, H.R. 345 
Wenzel, M . 294 
Werdan, K. 91 
Werner, S. 494 
Wesemann, W. 259 
Weser, U . 261, 331 
Westphal, H . M . 345 
Wickner, W. 501 
Wiegandt ,H. 177, 231 
Wieland, F. 346 
Wieland, O .H . 225, 334,607 
Wiermann, R. 284, 338 
Wiesinger, H . 201, 346 
Wilhelm, A . H . 347 
Willeke, U . 347 
Wingender, E. 348 
Wink, M . 348 
Winkler, Th . 348 
Wintermantel, E. 349 
Wintermeyer, W. 349 
Wirthensohn, G. 258, 
350,609 
Wissler, J .H. 275, 350, 
351 , 352 
Wissemann, U . 457 
Witte, L . 348 
Witter, B. 353 
Wit t ig , K . R . 353 
Witzel, H . 218, 219, 224, 
294, 337, 342 
Wodtke, E. 315 
Woenckhaus, C. 228, 234 
Wojcikowski, Cz. 254 
Wollert, U . 305 
Wollmer, A . 747 
Wollny, E. 306 
Wrage, K . 244 
Wünsche, Ch. 219 
Yee, D. 353 
Young, I . G . 493 
Zach, D. 135, 354 
Zahn, H . 857, 865 
Zahn, R . K . 469 
Zehler, H . 328 
Zeiller, K . 389 
£eleznä , B. 461 
Zenk, M . H . 354 
Zeppezauer, M . 213, 
300, 329 
Ziegler, D. 246, 280, 697 
Zil l iken, F. 243,300, 
307 
Zimmerman, B. 915 
Zimmermann, R.E. 355 
Zipper, P. 239, 355 
Zucker, H . 316 
Zwizinski, C. 501 
Attention before copying! 
Do you photocopy articles from this periodical? I f so, have you made certain that you are not violating the legal 
copyright regulations and making yourself liable to prosecution? 
According to copyright law i t is only permissible to make a few copies o f individual articles for personal use. Repro-
duction o f articles for commercial use by an industrial enterprise is subject to charge. Detailed information can be 
obtained free o f charge from the V G Wissenschaft GmbH, "Copyright" , Großer Hirschgraben 1 7 - 2 1 , D-6000 Frank-
furt /Main, this company being responsible for collection o f copying fees. 
Copying in the USA! 
The appearance o f the code at the bo t tom o f the first page o f an article in this journal indicates the copyright 
owner's consent that copies o f the article may be made for personal or internal use, or for the personal or internal 
use o f specific clients. This consent is given on the condition, however, that the copier pay the stated per-copy fee 
through the Copyright Clearance Center, Inc. for copying beyond that permitted by Sections 107 or 108 o f the U.S. 
Copyright Law. This consent does not extend to other kinds o f copying, such as copying for general distr ibution, 
for advertising or promotional purposes, for creating new collective works, or for resale. 
© Copyright 1980 by Walter de Gruyter & Co., Berlin. 
A l l rights reserved, including those o f translations into foreign languages. No part o f this journal may be reproduced 
in any form - by photoprint , microf i lm or any other means - or transmitted or translated into a machine language 
without wr i t ten permission from the publisher. 
The quotat ion o f registered names, trade names, trade marks, etc. in this journal does not imply , even in the absence 
of a specific statement, that such names are exempt from laws and regulations protecting trade marks, etc. and 
therefore free for general use. 
Advertising: Merkur Werbung GmbH, Wolfgang Frieben, Postfach 1245, D-5 210 Troisdorf 1, Tel. (0 2 2 4 1 ) 4 2 0 5 1 
- Printed in Germany - Typesetting: R. & J. Blank, Composer-& Fotosatzstudio GmbH, München; Printing: Gra-
fik + Druck, München; Binding: F . Steinberger & Sohn, München. 
Hoppe-Seyler's Z. Physiol. Chem. 
Bd. 36 K S . 91 -104 , Februar 1980 
D-Glucose Transport into Suspended Human Fibroblasts 
Rapid Measurement of Uptake by Silicone Oil Filtration Centrifugation, and Comparison of 
Different Cell Detachment Procedures 
Karl WERDAN*, Karl L E H N E R * * , Thomas CREMER***, Abraham F . G . STEVENSON**** and 
Otfried MESSERSCHMIDT** 
* Medizinische Kl inik I der Universität München, Kl in ikum Großhadern 
** Laboratorium für experimentelle Radiologie in Neuherberg 
*** Institut für Humangenetik und Anthropologie der Universität Freiburg und 
**** Institut für Anatomie und Morphologie der Universität Regensburg 
(Received 1 August 1979) 
Summary: The uptake of 14C-labeled D-glucose 
into the cellular space of human diploid fibro-
blasts (Flow 2000) — grown to confluency and 
detached with trypsin-EDTA - was studied using 
silicone-oil-layer-filtering centrifugation. This 
method is rapid enough to enable the determina-
tion of initial transport rates, which are not com-
plicated by subsequent metabolism of the hexose 
taken up into the cells. D-Glucose uptake shows 
saturation kinetics with a A^m of 1.8mM and 
maximal transport capacity of 4-8 nmol/(10 6 
cells x min) at 20 °C. This saturable transport 
system is responsible for at least 80% of the total 
glucose taken up into the cells in the concentra-
tion range tested (0.1 —lOmM D-glucose in in-
cubation medium). The glucose carrier is stereo-
specific, is independent of sodium and potassium 
ions, and is inhibited by cytochalasin B. Its tem-
perature dependence reveals an activation energy 
of 31kJ/mol(7.5kcal /mol;Öio % 1-5). As de-
tachment of the cells from the culture flasks is 
necessary for applying silicone-layer-filtering cen-
trifugation, various detachment procedures were 
tested. In the enzymatic procedure cells were 
treated with either trypsin or pronase. In the 
chelating method, Ca2® and Mg2® ions were che-
lated by EDTA and K® ions with sodium tetra-
phenylborate. For mechanical detachment, cells 
were grown initially on plastic foil. After each of 
these detachment procedures the transport of 
D-glucose was the same. It is therefore concluded 
that this method of rapid measurement of D-glu-
cose uptake in suspended human fibroblasts may 
serve as an alternative to the uptake measurement 
with glucose analogues in attached cells when 
studying the hexose transport system in human 
diploid fibroblasts. 
Enzymes: 
Trypsin (EC 3.4.21.4); 
Pronase P (Streptomycesgriseus neutral proteinase, EC 3.4.24.4). 
Abbreviations: 
EDTA = Ethylenediamine tetraacetic acid; 
Hepes = 2-[4-(2-hydroxyethyl)-l-piperazinyllethanesulfonic acid; 
Glc = D-glucose; 
2- dGlc = 2-deoxy-D-glucose; 
3- MeGlc = 3-0-methyl-D-glucose; 
NHI = National Institute of Health. 
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D-Glucosetransport in suspendierten menschlichen Fibroblasten. 
Messung mittels Silikonöl-Filtrationszentrifugation und Vergleich verschiedener Verfahren 
zur Ablösung der Zellen 
Zusammenfassung: Mittels der Silikon öl-Filtra-
tionszentrifugation wurde die Aufnahme de-
markierter D-Glucose in diploide, menschliche 
Fibroblasten (Flow 2000) untersucht, nach Ab-
lösen der konfluenten Kulturen durch Trypsin-
EDTA-Lösung. Diese Methode erlaubt die Be-
stimmung initialer Aufnahmegeschwindigkeiten 
für D-Glucose. Aufgrund der kurzen Meßzeiten 
kann eine klare Differenzierung zwischen Aufnah-
mevorgang und nachfolgender intrazellulärer Me-
tabolisierung der D-Glucose vorgenommen wer-
den. Die D-Glucoseaufnahme zeigt Sättigungs-
verhalten mit einem £ m -Wer t von 1.8mM und 
einer maximalen Transportkapazität von 4—8 nmol/ 
( 1 0 6 Zellen x min) bei 20 °C. Im untersuchten 
Konzentrationsbereich (0.1 —10mM D-Glucose 
im Inkubationsmedium) erfolgt die D -Glucose-
aufnahme in die Zellen zu mindestens 80% über 
dieses sättigbare Transportsystem. Der Glucose-
carrier zeigt Stereospezifität, arbeitet unabhängig 
von Natrium- und Kaliumionen und wird durch 
Cytochalasin B gehemmt. Aufgrund der Tempera-
turabhängigkeit errechnet sich eine Aktivierungs-
energie von 31kJ/mol (7.5 kcal/mol; Ql0 ~~ 1.5). 
Da zur Anwendung der Silikonöl-Fütrationszen-
trifugation das Ablösen der Zellen von der Züch-
tungsfläche erforderlich ist, wurde der Einfluß 
verschiedener Zellablösungsverfahren (enzyma-
tisch, Komplexieren von Kationen, mechanisch) 
auf die Aufnahme von D-Glucose untersucht: Das 
Ablösen der Zellen mit Trypsinlösung oder mit-
tels kurzzeitiger Inkubation in Pronaselösung, das 
Komplexieren von Calcium- und Magnesiumionen 
mit EDTA und von Kaliumionen mit Tetraphenyl-
bor-Natrium, sowie das mechanische Ablösen auf 
Plastikfolien gezüchteter Zellen erbrachten ver-
gleichbare Ergebnisse. Die Messung der D-Glucose-
aufnahme in suspendierten menschlichen Fibro-
blasten mittels Silikonöl-Fütrationszentrifugation 
erlaubt die Verwendung des physiologischen Sub-
strates des Glucose-Transportsystems. Sie stellt so-
mit bei Untersuchungen des Hexose-Transportes 
in diploiden menschlichen Fibroblasten eine Al -
ternative zu den Transportmessungen mit Glu-
coseanalogen in substratfixierten Zellen dar. 
Key-words: Transport kinetics, glucose carrier, trypsinization, human diploid fibroblasts. 
The measurement of glucose transport by human 
diploid fibroblasts in vitro is complicated by its 
rapid uptake and quick metabolism within the 
cells, with subsequent release of lactate'11. The 
kinetics of this uptake process, therefore, cannot 
easily be ascertained, since current techniques 
used for such measurements in monolayer cell 
cultures are not rapid enough. Many investiga-
tions on hexose transport in fibroblast strains 
and lines have for this reason been carried out 
using glucose analogues such as 2-deoxyglucose 
which is only phosphorylated, with uptake kinet-
ics linear over a longer time range than D-glucose, 
and 3-O-methylglucose which is not metabolized 
at all. I t should, however, be noted that 3-0-meth-
ylglucose may not be taken up into the cells ex-
clusively by the glucose transport system'2!. 
To bypass these difficulties in characterizing the 
glucose transport system we have measured the 
uptake of D-glucose into suspended human fibro-
blasts using the silicone-layer-centrifugation meth-
odl 3 l . This method, which has been successfully 
applied for measuring hexose uptake into rat 
liver cells' 4 ' 5J, allows kinetic measurements with-
in seconds and is, therefore, rapid enough for 
establishing the kinetics of glucose uptake. A 
major problem with this approach is the neces-
sity of having the fibroblasts in suspension. It 
was essential to establish that procedures used 
for detachment of the cells did not per se alter 
the functional properties of the glucose carrier. 
We therefore compared the influence of certain 
detaching procedures on glucose uptake kinetics 
of human diplqid fibroblasts in vitro. These pro-
cedures included enzymatic digestion, chelating 
agents and mechanical detachment. 
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Material and Methods 
Culture conditions 
Commercially available diploid fibrobiastoid cells ob-
tained from human foetal lung (Flow 2000) were main-
tained in Eagle's Minimum Essential Medium wi th Eagle's 
salts (Gibco Labs.) and 12% foetal calf serum. Two 
charges of foetal calf serum (Microbiological Ass. Inc. 
and Flow Labs. - screened for mycoplasma) were used 
wi thout noticeable differences wi th respect to culture 
growth and transport measurements. The cultures were 
incubated at 37 °C in an aerated atmosphere wi th 5% • 
CO2. Penicillin (100units/m/) and streptomycin 
(100 Mg/m/) and 2.2g N a H C 0 3 / / were added to the me-
dium. Culture medium was procured in powder form 
and was freshly constituted before use. Non-essential 
amino acids were supplemented and the pH was ad-
justed to 7.4. The cultures were grown in 174-cm 2 plas-
tic culture flasks (Nunc). Subcultivation was performed 
by detaching the cells w i th 0.2% trypsin in a solution o f 
salts (see below) containing O. lmM EDTA and 5.6mM 
D-glucose. I f not stated otherwise, cultures which were 
in phase I I o f their lifespan' 61 were used for the measure-
ments after they had attained confluency. Periodic tests 
for mycoplasma contamination using the method of 
double labelling wi th { 3 HIurac i l and [ 1 4 Cjur id ine ' 7 ' g ave 
negative results. Cell counts were performed under 
phase-contrast in three independently filled Neubauer 
chambers. 
Detachment procedures 
For enzymatic digestion either 0.2% trypsin (Serva, 
1:250; Cat.No. 37290) or 0.05% pronase (Serva, 
Cat.No. 33634) were used. These enzymes were dis-
solved in a salt solution containing 137mM NaCl, 
5.4mM KCl, 4.8irVM N a H C 0 3 , O. lmM EDTA and 
0.001 % phenol red as pH indicator; addition of 0. I m M 
EDTA to the trypsin solution produced a better dis-
persion of cells than trypsin alone. 
Detachment with chelating agents was performed either 
wi th O.lmM and l.OmM EDTA, respectively, in the salt 
solution given above, or wi th 5mM sodium tetraphenyl-
bo ra t e ' 8 ' in a salt solution in which KCl was replaced 
by an equivalent amount o f NaCl. Solutions were buf-
fered with 20mM Hepes. The final pH was adjusted to 
7.4 at 20°C wi th I N NaOH. Cultures were washed three 
times with the salt solution before detaching agents were 
applied. The time interval between the addition of the 
detaching agents and the start o f glucose measurements 
is given in Table 4. In the case of 0. I m M E D T A ' 9 ' and 
sodium tetraphenylborate only partial detachment was 
achieved even after prolonged incubation. 
For mechanical detachment cells were grown on plastic 
f o i l ' 1 0 ! . Subconfluent cultures were carefully washed 
with the salt solution described above and detached by 
gently stretching the foi l . This yielded small clumps o f 
cells. I t was not possible to obtain cell counts in this 
case because of the danger of cell destruction during the 
process o f dispersion through vigorous pipetting. 
Measurement of sugar uptake 
Silicone-layer-filtering-centrifugation 
Filtering-centrifugation^^^ was carried out wi th a 
Beckman Microfuge using 0.4 ml polypropylene tubes 
(Beckman Instruments München). The tube was filled 
wi th 20ßl I M H C I O 4 at the t ip. This was followed by 
70 iil silicone oil (AR 20: 100 = 1 : 3, Wacker Chemie, 
München), on top o f which 250 ßl of the fibroblast sus-
pension (5 x 10 5 to 1.5 x 1 0 s cells/m/) were added. I f 
not stated otherwise, all incubations were carried out at 
20°C in the 0.2% trypsin solution. Incubation was star-
ted by addition o f the radioactive labelled substance in 
a volume of 10 ßl and was terminated by centrifugation 
of the fibroblasts through the silicone oil into the per-
chloric acid. Within one second after the beginning o f 
centrifugation, more than 85% of the cells were found 
already separated from the medium as shown by labell-
ing of cell space by tritiated water. 
For measurements of radioactivity, 20 ßl o f the super-
natant salt solution was taken and counted in Instagel 
in a Packard liquid scintillation counter wi th correction 
for quench. The content o f the plastic tube was then 
frozen; the tip o f the tube containing the perchloric 
acid-fraction with a thin adhering fi lm of silicone oi l 
was cut off wi th a blade and suspended in 300 ßl water. 
After vigorous shaking and centrifugation o f the pro-
tein precipitate, 200 ßl of the supernatant was taken for 
counting. After dissolving the protein precipitate in 100M/ 
I N NaOH at 60 °C for 6 0 m i n and neutralization with 
I N HCl, radioassay showed that during the time range 
we used for the determination o f glucose uptake rates 
(10-45 sec), less than 1% of the | 1 4 CID-glucose found 
within the cells was incorporated into the perchloric 
acid insoluble fraction. For this reason, radioassay was 
carried out in most experiments simply by cutting off 
the tip and putting it straight into the scintillation cock-
tail.' This procedure gave identical results to the above 
mentioned method. In similar experiments not shown 
here the perchloric acid in the centrifugation tube was 
replaced by I N NaOH. The differences in quenching o f 
NaOH and perchloric acid samples were corrected wi th 
quench curves obtained either wi th NaOH or perchloric 
acid as quencher. No significant difference in the cell as-
sociated radioactivity could be found between cells 
centrifuged into perchloric acid and cells centrifuged 
into sodium hydroxide. This indicates that the amount 
of l 1 4 C ] C 0 2 and [ 1 4 C J H C 0 3 inside the cells, generated 
by glucose metabolism within the time range of our 
measurements, is negligible. The conditions of incuba-
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tion were chosen so that less than 1% of the added ra-
dioactive substance appeared in the sediment after cen-
trifugation. 
Determination of cell space 
Determination o f the cell space of human diploid fibro-
blasts by filtering-centrifugation was carried out in two 
different ways: 
a) Incubation of the cells with [^H] water and inulin 
[14C\ car boxy lie acid 
The volume of [ 3 H J water found in the sediment after 
centrifugation expresses the intracellular space of the 
fibroblasts and its f i lm of adherent medium. The latter 
can be measured wi th inulin [ 1 4 C]carboxy l i c acid (ab-
breviated as inulin), which does not penetrate the cells. 
The amount of [ 1 4 C ] inulin found in the sediment re-
mains constant with increasing incubation time (1 to 
15 min). Only the inulin fraction, soluble in 50% etha-
nol was taken for the determination o f the inulin space, 
because this fraction gave more reproducible results 
than the water soluble inulin. Non-radioactive inulin in 
excess did not alter the amount of [ 1 4 C j i n u l i n in the 
sediment, indicating that inulin was not unspecifically 
bound to the plasma membrane. Subtraction of this 
inulin space from the total water space yields the inulin-
impermeable water space, which is defined as "cell 
space" hereafter. This cell space is equal to 79 ± 6% 
(SD, n - 150) o f water space. Water- and inulin spaces 
(/u//10 6 cells) respectively are calculated according to 
the following formula: 
R.act . s x VM 
Space = — — ; 
R.act-M x cells 
R.act.g = radioactivity in sediment fraction (in dis-
integrations/min = dpm): 
R.act.M= radioactivity in incubation volume (in dis-
integrations/min = dpm); 
= volume of incubation medium (in pi); 
cells = number of cells in incubation volume (in mil-
lions) 
b) Determination of the cell space via glucose uptake 
kinetics 
Incubation of the fibroblasts wi th 1 1 4C]D-glucose and 
subsequent centrifugation yields l 1 4CJD-glucose in the 
sediment which consists of the l 1 4 C]glucose taken up 
by the cells plus the [ 1 4 C]glucose remaining in the ad-
herent medium. Since the latter is independent of in-
cubation time, the amount o f 1 4 C radioactivity ob-
tained in the sediment after zero time incuba-
tion allows calculation of the volume of the adherent 
medium (see formula above), indicated as zero time 
glucose space. For practical reasons zero time yields of 
1 4 C radioactivity were extrapolated from the yields ob-
tained after different incubation times. This extrapola-
t ion can be correctly done provided that glucose uptake 
measurements are performed wi th in the linear range 
and that there is no unspecific absorption o f glucose to 
the plasma membrane. Fig. 1 shows a typical experiment, 
in which cell space was determined using two different 
concentrations of ( l 4 CJglucose and [ 1 4 C ) i n u l i n , respec-
tively. The good agreement of the inulin space and the 
zero time glucose space confirms that both precondi-
tions for obtaining a correct value o f the latter space 
were actually fulfilled. The measurement o f initial rates 
of glucose uptake is l imited by the accuracy of the de-
termination o f cell-adherent medium in the sediment 
Fig. 1. Linear uptake of D-glucose into suspended human fibroblasts. 
s 2 
CD 
O f 
10 20 
t\s\ 
30 40 50 
Abscissa: incubation time of cells with [ 1 4 C j -
glucose. 
Ordinate: virtual fraction of the incubation 
solution calculated from ( 1 4 C ] a c t i v i t y in the 
sediment, representing a certain volume of 
incubation solution depleted o f D-glucose by 
uptake into the cells plus incubation solution 
adherent to the cells. 
Extrapolation to zero-time yields the latter 
volume. A good agreement of the spaces ac-
cessible by inul in at 3-min incubation time 
and glucose at zero-time incubation can be 
seen. Each point represents the mean from 
triplicate measurements. Calculated cell space: 
via [ 1 4 C | i n u l i n ; 2.28ju//10 6 cells, via O.lmM 
[ 1 4 C]D-glucose: 2.29 pl/106 cells, via lOmM 
( 1 4CJD-glucose: 2.36M//10 6 cells. 
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and the time range at which the linearity o f uptake is 
preserved. To confirm the validity of uptake measure-
ments control experiments as shown in Fig. 1 were in-
cluded in all experiments to be discussed subsequently. 
Uptake of radioactively labelled substances into cell 
space 
The cells were incubated wi th | 3 H | w a t e r and the R e -
labelled substance whose uptake was to be measured. 
The cells were then centrifuged through the silicone oil 
and the concentration C c of the J 1 4 C Jsubstance in the 
cell space (in ninol/^/) was calculated using the follow-
ing formula: 
( 1 4 C R.act . s - a x 1 4 C R.ac t . M )x 3 H R.ac t . M x C M 
c ( 3 H R.act . s - a x 3 H R.ac t . M ) x 1 4 C R . a c t . M 
R a c t - S , M = radioactivity of [ 1 4 C Jsubstance and l 3 H | -
water respectively either in sediment frac-
tion S or incubation volume M (in disinte-
grations/min = dpm); 
CM = concentration of ( 1 4 C]substance in incuba-
tion volume (in mmol/ / ) . 
a = ratio of R.act.g : R.act.M for I 1 4 C ] i n u l i n . 
The value a represents the medium fraction adherent to 
the cells, which had been carried through the silicone 
oil . 
Multiplication o f C c wi th the cell space (in /u//10 6 cells) 
yields the amount of the 1 4 C-labelled substance (in 
nmol) taken up bv 1 0 6 cells. For further explanation 
seel 1 1 1. 
Measurement of protein and phosphorylated glucose 
Protein was measured by the method of Lowry et a l J 1 2 l 
The determination of the phosphorylated D-glucose was 
carried out wi th the anion-exchanger AG 1X8 acetate 
(400 mesh, Biorad Lab., München) as described by Baur 
and He id t ' 5 I 
Radionuclides 
Al l radioactive substances were purchased from Amer-
sham-Buchler, Braunschweig, and used wi th the spec, 
act. indicated: [ 3 H ] water (0.5 to 2 x 1 0 ~ 4 Ci /mol) ; inu-
lin 1 1 4 C|carboxyl ic acid (mean molecular weight 5000, 
7.5 Ci/mol, 0.2 to 0.7mM); 1 1 4C]D-glucose (uniformly 
labelled, 0.15 to 50Ci /mol ) ; ( 1 4 C|L-glucose (1 .3Ci /mol) ; 
1 1 4CID-glucose 6-phosphate (1.3 Ci /mol) ; I 1 ^ I D - f r u c -
tose (1.3 Ci /mol) ; 1 1 4CjD-fructose 6-phosphate (1.3 Ci/ 
mol) ; 1 1 4Cjsucrose (1.3 Ci/mol) . The purity of the radio-
activly labelled hexose phosphates was tested by thin-
layer chromatography prior to use. 
Non-radioactive sugars 
Non-radioactive D-glucose, L-glucose, D-glucose 6-phos-
phate, D-fructose, D-fructose 6-phosphate, sucrose and 
cytochalasin B were obtained from Sigma Chemie GmbH, 
München. A l l other substances were of analytical grade 
and were purchased from Merck, Darmstadt, or Serva, 
Heidelberg. 
Results and Discussion 
Kinetics of hexose uptake 
The uptake of D-glucose at 20 °C into detached 
human diploid fibroblasts in suspension is a fast 
process, as is demonstrated in Fig. 2. At a concen-
tration of 20mM D-glucose in the medium, the up-
take into cell space is linear only within the first 
minute of incubation; at ImM glucose concentra-
tion, linearity is obtained only within the first 
20 seconds. In uptake measurements over a longer 
time range (1 — 10 min), not shown here, it was 
0 30 60 90 120 150 180 
f [ s i - > 
Fig. 2. Time course of D-glucose uptake into suspended 
human fibroblasts at a glucose concentration o f either 
1, 5 or 20mM in the incubation solution. 
Cell space 2.8M//10 6 cells; temp. 20°C. Mean values 
from triplicate measurements are given with standard 
deviations (SD), the standard deviations lying within the 
symbols used, i f arrows are not indicated. 
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seen that in the case of ImM [1 4C]D-glucose in 
the incubation medium, the amount of radio-
activity found within the cells reached equili-
brium after about 3 min. The equilibrium could 
be a mere reflection of the rapid excretion of 
[ 1 4C]lactate resulting from metabolized glu-
cose! 13, I ] A H three curves in Fig. 2, however, 
yield an uptake value of zero when extrapolated 
to zero time, which is consistent with the assump-
tion that the measurements indicate initial trans-
port rates. From measurements like these, initial 
rates of uptake can be evaluated, which are de-
monstrated for various sugars and sugar phos-
phates in Table 1. The strong stereospecificity of 
the uptake process (D- versus L-glucose) as well 
as the relative impermeability of the cell mem-
brane for hexose phosphates (D-glucose phos-
phate and D-fructose phosphate) is clearly seen. 
The transport rates for D-fructose and sucrose 
are more than one order of magnitude lower than 
the one for D-glucose. 
Metabolic influence on uptake measurements 
The glucose taken up into the cells was rapidly 
metabolized as shown in Fig. 3. In this experi-
Table 1. Init ial rates o f sugar uptake into cell space of 
suspended human fibroblasts. 
Sugar concentration in incubation medium: I m M ; cell 
space: 1.6 M/; temp. 20 °C. Measurement of uptake for 
D-glucose was carried out at t = l i s and t - 21 s, for 
other sugars at t - 11 s and t = 61 s. Each measurement 
was done three times. Calculation of uptake rates was 
carried out as described in methods. Substrate spaces 
(M//106 cells, mean ± SD): L-glucose 0.49 ± 0.02 ( l i s ) , 
0.52 ± 0.04 (61 s); D-fructose 0.50 ± 0.03 ( l i s ) , 
0.55 ± 0.02 (61s); D-glucose 6-phosphate 0.49 ± 0.01 
(11 s), 0.55 ± 0.03 (61 s); D-fructose 6-phosphate 
0.52 ± 0.01 ( l i s ) , 0.55 ± 0.06 (61 s); sucrose 0.48 
± 0.04 (11 s), 0.55 ± 0.08 (61 s); inulin space 0.48 nU 
1 0 6 cells. For further explanation see methods. 
Sugar Sugar uptake 
| n m o l / ( 1 0 6 cells x 20s)] 
D-Glucose 0.45 
L-Glucose < 0 . 0 1 
D-Fructose < 0 . 0 2 
D-Glucose 6-phosphate < 0 . 0 2 
D-Fructose 6-phosphate < 0.01 
Sucrose < 0 . 0 3 
20 40 60 80 100 120 
t[s) -> 
Fig. 3. Uptake of D-glucose into suspended human fibro-
blasts and determination o f the glucose fraction metab-
olized after different incubation times wi th [ 1 4 C ] D - g l u -
cose. 
D-Glucose concentration in the incubation solution: 
0.5mM; cell space 2.7 ju//10 6 cells; temp. 20 °C. For fur-
ther experimental details see text. 
ment the cellular incorporated radioactivity was 
allowed to pass through the anion-exchanger 
AG1X8 acetate. Free glucose was eluted with 
H2O, whereas the metabolized fractions were 
retained in the column and, thereafter, eluted 
with 2M HCl. After correction for extracellular 
radioactivity (inulin space), the concentrations 
of free and total (free + metabolized) glucose in-
side the cells were plotted as a function of incuba-
tion time. Even after 10 s a considerable amount 
of glucose was already metabolized. Though the 
concentration of total glucose inside the cells ex-
ceeded that of glucose in the incubation medium 
after 55 s, the level of free glucose reached only 
75% after 120 s. With regard to this rapid metab-
olism, it has to be remembered that part of the 
glucose would have been converted to lactate and 
excreted into the incubation medium — a process 
which has been detected as early as one minute 
after incubating rat hepatoma ce l l s ' 1 3 ' 1 4 ! and hu-
man fibroblasts^11. Such being the case, under 
our experimental conditions, the calculated trans-
port rates for D-glucose would be underestimated. 
To check this possibility, the fibroblasts were in-
cubated with iodoacetic acid, and glucose uptake 
was measured thereafter. This inhibitor blocks 
glyceraldehyde-3-phosphate dehydrogenase!151 and 
consequently lactate formation, without impair-
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ment of hexose transport'1!. This method was 
preferred to the direct determination of lactate 
in the incubation medium for technical reasons. 
When measuring D-glucose uptake after 20 s (the 
time normally used) no influence of iodoacetic 
acid on D-glucose uptake [calculated in nmol/ 
(/i/ cell space x min)] was observed (Table 2). At 
60 s the control value decreased to 65 %, as would 
be expected from the kinetics of glucose uptake 
shown in Fig. 2. An increase of 25% was achieved 
by addition of iodoacetic acid prior to measure-
ment. From these experiments one may conclude 
that excreted radioactive lactate was negligible 
within the first 20 seconds and the recorded val-
ues approach true initial rates. 
Table 2. Influence of iodoacetic acid on D-glucose up-
take into suspended human fibroblasts. 
Cells were incubated for 2 min wi th iodoacetic acid 
prior to uptake measurement wi th I m M D-glucose; 
temp. 20°C. Cell spaces: 2.9ju//10 6 cells (control); 
2.8 ßl/106 cells (iodoacetic acid). 
Measuring 
time 
[s] 
Uptake rates 
lnmol/(ju/ cell space 
x min) l 
Control 20 0.81 ± 0 . 0 9 (« = 3) 
60 0.52 ± 0.09 (n = 3) 
Iodoacetic acid 20 0.77 ± 0 . 0 7 (w = 3) 
( I m M ) 60 - 0.64 ± 0 . 1 2 (« = 3) 
Concentration dependence of D-glucose uptake 
The initial rates of D-glucose uptake at various 
concentrations in the medium reveal a hyperbolic 
saturation curve. S (concentration in the medium) 
plotted against S/v [v = uptake rate in nmol/(ju/ 
cell space x min)] yields a linear function which 
enables the determination of Michaelis constant 
(Km) and the maximal transport capacity (V) of 
the carrier system, as demonstrated in Fig. 4. The 
factor S/v has been plotted as a function of 5, so 
that the participation of a non-saturable compo-
nent in the uptake rate may easily be detected 
by a corresponding drop in linearity at increasing 
concentrations: 
VxS 
Km+S 
+ ^ N S X $ 
Km+S 
^tot V + Km *Km+KNSxS 
when v t o t = total uptake rate and K^s = rate 
constant of non-saturable uptake. Thus, the re-
sults in Fig. 4 show that D-glucose uptake is me-
diated exclusively by a saturable carrier process 
up to concentrations which equal at least three 
times the Km value. At higher concentrations a 
slight drop in linearity was observed in part of 
these experiments (see Fig. 4, 10mM), which 
could reflect glucose uptake by simple diffu-
sion' 1 6 1 . This non-saturable component, however, 
never exceeded 20% at 10mM D-glucose, the 
highest concentration used in our experiments. 
5 
Fig. 4. Concentration dependence of 
D-glucose uptake into suspended human 
diploid fibroblasts. 
Cell space 2.7 J I / / 1 0 6 cells; temp. 20 °C. 
For regression analysis, the values for 
S = 0.5, 1.5, 3.0 and 6.0mM were used. 
Each point represents the mean from 
triplicate measurements. S: concentra-
t ion of D-glucose in the incubation solu-
t ion in mmol / / ; v: uptake rate in nmol/ 
(ßl cell space x min) ; S/v in mmol x / _ 1 / 
nmol x j u / _ 1 x m i n - 1 = m i n - 1 . 
t 
^ 3 
I 
c 
col ^ Km = 2.0m M 
V= 2.7 nmol/ßl x min) 
Q: 7.2 nmol/(106 cells x min) 
- 2 1 0 1 2 3 4 5 
S [mmol/I] -» 
7 8 9 10 
Table 3. Comparison o f glucose uptake systems in various animal cells in culture. 
(2-dGlc: 2-deoxy-D-glucose; 3-MeGlc: 3-0-methyl-D-glucose; Glc = D-glucose) K\: indirect determination by inhibit ion of glucose uptake by 2-deoxyglucose 
and vice versa resp. 
Cell type Culture conditions 
during uptake 
measurement 
Sugar 
tested 
Temp. 
l°C] [mMJ 
V 
[nmol / 
1 0 6 cells x m i n j 
V 
(nmol/ 
mg prot. x min] 
Activat. energy 
[kcal /moll 
Ref. 
Human di-
ploid fibro-
blasts (Flow 
' 2000) 
Cells grown to conflu-
ency, suspended in tryp-
sin-EDTA 
Values estimated from 
data o f Fig. 5 
Glc 20 
37 
1.8 ± 0.4 (SD) 6.4 ± 2.2 (SD) 
7 - 1 4 
12.8 ± 4 . 4 ( S D ) 
14 - 28 
7.6 ( 4 - 3 0 °C) 
See Fig. 4, 5, 6 
Table 4 
and text 
"See Fig. 4; 5, 6 
Table 4 
and text 
Human di-
ploid fibro-
blasts 
(HSWP) 
Confluent attached cells Glc 
2-dGlc 
37 
37 
~2 (K{) 
~2 (K{) 
H I 
Mouse em-
bryo tertiary 
fibroblasts 
(BALB) 
Plasma membrane vesi-
cles from confluent 
cultures 
Glc Room 
temp. 
2.0 1.3 [17] 
Mouse em-
bryo fibro-
blasts (NIH 
Swiss) 
Attached cells, expo-
nential growth phase 
2-dGlc 37 2.1 - 2.3 18.2 - 19.2 [291 
Mouse em-
bryo cells 
(STU) 
a) Attached cells 
(2.9 - 16) - 1 0 4 cells/ 
c m 2 ; 
b) After dispersal by 
treatment wi th tryp-
sin-EDTA 
2-dGlc 37 1.1 - 2.0 
1.1 - 2.0 
1.9 - 4 . 0 
1.9 - 4 . 0 
[181 
Mouse 3T3 
cells 
Confluent cell layer 2-dGlc 
Glc 37 
1.7 
1.8 ( * i ) 
[ 2 | 
Chick em-
bryo fibro-
blasts 
Confluent cell layer 3-MeGlc 22 1.1 0.6 [201 
Cell type Culture conditions 
during uptake 
measurement 
Sugar 
tested 
Temp. 
l°C) [mM] 
V 
[nmol / 
1 0 6 cells x min] 
V 
[nmol / 
mg prot. x min] 
Activat. energy 
[kcal/mol] 
Ref. 
Chick em-
bryo cells 
(body wall) 
Attached cells, grow-
ing cultures 
2- dGlc 
3- MeGlc 
39 
Room 
temp. 
0.51 ± 0 . 2 8 
3.5 ± 0 . 5 4 
1.8 ± 0 . 2 8 
0.82 ± 0 . 1 0 
[19] 
Chick em-
bryo cells 
(body wall) 
Attached cells, grow-
ing cultures 
2-dGlc 10.6 [23] 
Chick em-
bryo cells 
Attached ceils, growing 
cultures 
2-dGlc - 2.7 1.6 [16] 
Novikoff rat 
hepatoma 
cells 
Suspension culture, ex-
ponential growth phase 
2-dGlc 
Glc 
37 1.3 - 2.5 
1 - 2 
1 - 5 
4 - 8 
15.6 ( 2 2 - 3 7 °C) [13] 
Novikoff rat 
hepatoma 
cells 
Suspension culture, 
exponential growth 
phase 
3-MeGlc 23 2.4 ± 0 . 8 20* [21] 
Primary rat 
liver cells 
Suspended cells after 
liver treatment wi th 
collagenase 
Glc 20 30 110 22 ( 4 - 1 8 °C) 
7 ( 1 8 - 3 7 °C) 
[5] 
Human gli-
oma cells 
Attached cells 
(2.8 - 2 5 ) - 1 0 4 cells/ 
2 
cm 
2-dGlc 37 4.5 - 6 . 2 45 - 100 [30] 
Mouse neuro-
blastoma 
cells 
(C1300/ 
Nb41A3) 
Attached cells 
( 2 - 1 2 ) x 1 0 4 cells/cm 2 
12 x 1 0 4 cells/cm 2 
2 x l O 4 cells/cm 2 
12 x 1 0 4 cells/cm 2 
2-dGlc 
Glc 37 
0.5 - 4 . 9 
3.2 (K{) 
1.9 - 18.3 
4.6 
8.9 
[22] 
* Calculated from the value given in the legend of fig. 4 (V = 0.26 ± 0.03 nmoles/ju/ cell water x sec, and the average value for intracellular water space 
(1.3 ßl/106 cells) described in methods. 
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3.0 
2.5 
2.0 
Eact = 7-5kcal (31 kJ)/mol;Q1f) « 1.5 10' 
1.5 \ 
3.20 3.30 3.40 3.50 3.60 
IdP/T \K~1} -> 
Fig. 5. Temperature dependence of the up-
take o f D-glucose into suspended human fibro-
blasts. 
Concentration of D-glucose I m M ; cell space 
1.4 M//106 cells. The cell suspension was ob-
tained from growing cultures (subconfluent 
monolayers). Initial rates of glucose transport 
v t were measured as nmol D-glucose trans-
ported per 1 0 6 cells and 15 s. With regard to 
activation energies calculated from these 
measurements it should be noted that uptake 
measurements could not be performed at 
saturating glucose concentration for technical 
reasons. 
Temperature dependency 
The temperature dependence of D-glucose uptake, 
because of its rapidity, was tested only between 
3 °C and 30 °C. This has been plotted in Fig. 5 as 
the logarithm of the initial rates versus the recip-
rocal of temperatures. From the Arrhenius plot 
an activation energy of 7.5 kcal (31 kJ)/mol 
(ß io ~ 1-5) w a s obtained. 
Comparison of uptake parameter 
The kinetics for D-glucose uptake shown in Fig. 4 
are representative of this strain of fibroblasts in 
phase I I I 6 1 , as measured in suspension after tryp-
sinization of confluent cultures. From 21 con-
fluent cultures the following mean values were 
obtained at 20 °C: Km = 1.8 ± 0.4 (SD) m M ; 
V = 2.4 ± 0.6 (SD) nmol/Ox/ cell space x min) 
and 6.4 ± 2.2 (SD) nmol/(10 6 cells x min), re-
spectively. Taking protein content as 0.52 ± 0.14 
(SD) mg/10 6 cells (n - 24 cultures), an uptake 
rate of 8-16 nmol/(mg protein X min) was esti-
mated. The dependence of these parameter on 
in vitro age of the cultures is discussed else-
where*. The characteristics of this glucose trans-
port system is compared in Table 3, with those 
obtained by other authors using fibroblast cul-
tures and various other animal cells in culture, 
* Cremer, T., Werdan, K. , Stevenson, A . F . G . & Leh-
ner, K. , unpublished. 
under different experimental conditions. For the 
purpose of comparison, the V values of our meas-
urements done at 20 °C have been extrapolated 
to 3 7 °C; though it should be emphasized that 
the linearity of temperature dependence was 
checked only up to 30 °C (Fig. 5). There is good 
agreement of the Km value of the glucose trans-
port system described here with the one obtained 
with membrane vesicles of mouse embryo ter-
tiary fibroblasts'17^ and the estimated values for 
D-glucose uptake in HSWP human diploid fibro-
blasts'1! and mouse 3T3 cells'2!. The Vvalues for 
D-glucose uptake into the strain of cells reported 
here are higher than those reported in mouse em-
bryo cells' 1 8! and chick embryo fibroblasts' 1 9 ' 1 6 ' 
for 2-deoxyglucose, and in chick embryo fibro-
blasts^20! for 3-0-methylglucose,but comparable 
with the maximal transport capacity for D-glucose 
uptake in Novikoff rat hepatoma cells' 1 3 ' . Direct 
comparison of these data may be complicated by 
differences in culture conditions and growth 
phases of the cell cultures used. It may be noted, 
however, that Wohlhueter et a l J 2 1 ! measured a 
relatively high Vvalue for 3-0-methylglucose 
transport in rat hepatoma cells using a similar 
rapid kinetic technique to that employed by us. 
Considering the high V values obtained by us, it 
has to be taken into account, that in our experi-
mental procedure the cells were starved from glu-
cose for 15—60 min prior to uptake measurement. 
This could induce a higher transport capacity. 
From the results described by Salter and Cook' 1 ' , 
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however, one may conclude that this time inter-
val is not sufficient to induce considerable in-
crease in glucose transport capacity. 
The activation energy for D-glucose transport in-
to Flow 2000 fibroblasts (Fig. 5) is comparable 
with the one described by Walum and Ed-
s t rcW 2 2 ! for mouse neuroblastoma cells (Ta-
ble 3) and by Baur and Heldtl51 for suspended 
rat liver cells (in the range 18—37 °C), but lower 
than the one reported for chick embryo cellsl 2 3! 
and rat hepatoma cells!13J. 
Influence of sodium and potassium ions 
D-Glucose transport is independent of sodium 
ions: D-glucose uptake rates were 0.32 ± 
0.02 nmol/Gu/ cell space x 20 s) in the presence 
of sodium ions (137mM), and 0.39 ± 0.02 with-
out sodium ions, where NaCl has been replaced 
by equivalent concentrations of choline chloride 
(temp. 20 °C, preincubation period in Na® and 
choline medium resp.: 30 min, n - 3; [D-glucose] 
= ImM). The non-dependence on potassium ions 
can be deduced from the experiment of Table 4 
(III) , where sodium tetraphenylborate has been 
used to detach the cells by complexing potas-
sium ions. No significant differences in Km and 
V values with respect to other detachment proce-
dures were found. 
Cytochalasin B inhibition of the glucose carrier 
D-Glucose uptake is specifically inhibited by cyto-
chalasin B (control: 1.13 ± 0.1 Ö nmol/(/i/ cell 
space x min); 2/iM cytochalasin B: 0.14 ± 0.02; 
temp. 20 °C, n = 3; preincubation period with 
cytochalasin B: 5 min; [D-glucose] = ImM). The 
specificity of this inhibitor for the sugar transport 
system in chick embryo fibroblasts^16] is re-
tained in trypsinized, suspended human fibro-
blasts. This strong inhibition is an affirmation of 
the results shown in Fig. 4, that D-glucose uptake 
is mainly due to a carrier process, since this inhibi-
tor specifically blocks the carrier-mediated D-glu-
cose uptake' 1 6 L It may be noted, however, that 
Graff et al J 3 1 1 presented evidence that the non-
mediated hexose uptake can also be inhibited by 
cytochalasin B. The concentration of cytochala-
sin B for half-maximal inhibition of hexose non-
mediated diffusion (L-glucose, Novikoff rat hepa-
toma cells) was, however, IOJUM, five times the 
concentration we used in our experiments. 
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Comparison of detaching agents on D-glucose 
uptake 
The results presented in the previous paragraphs 
demonstrate the presence of a glucose carrier in 
the cell membrane of trypsinized human fibro-
blasts. The question arises as to whether the tryp-
sinization procedure per se leads to an alteration 
of the characteristics of this transport system. To 
test this possibility, two different experimental 
approaches have been used: 
1) To detect a possible proteolytic digestion of 
the glucose carrier by trypsin, the parameters of 
glucose transport were determined after different 
incubation times in 0.2% trypsin and O.lmM 
EDTA. Fig. 6 shows one of several experiments, 
in which glucose transport of the same culture 
was measured after 30 and 90 min resp. of incu-
bation. The cell space (/i//106 cells) remained 
constant during this period, indicating that there 
was no time-dependent swelling or shrinking of 
the cells. The cells did not become permeable to 
inulin, more than 90% of them excluded trypan 
blue, and subcultures grew satisfactorily after 
90min trypsin incubation. The close agreement 
of Km and F values found after both incubation 
times indicates the resistance of the glucose car-
rier to trypsin digestion. There is no indication 
that incubation times with trypsin shorter than 
30 min would have led to higher transport rates 
(data not shown), but the possibility cannot be 
excluded that even the shortest time of 10 to 
15 min necessary to obtain a suitable single cell 
suspension might be sufficient to destroy a tryp-
sin-sensitive fraction of glucose carriers. 
2) To investigate this question, uptake kinetics 
obtained after incubation with trypsin and EDTA 
were compared with those obtained after detach-
ment of cells with EDTA alone (Fig. 6 and Ta-
ble 4) and other detachment procedures (Table 4). 
In the presence of O.lmM EDTA part of the cells 
became detached from the surface of the culture 
vessel only after 45 min incubation time. These 
cells, however, gave rise to similar uptake kinetics, 
the difference lying within the normal range 
when measurements of different cultures are con-
sidered. The non-carrier-mediated D-glucose up-
take at a concentration of lOmM D-glucose in the 
incubation solution, which can be calculated 
Fig. 6. Concentration dependence of D-glucose uptake into suspended human fibroblasts: influence of different 
incubation times wi th 0.2% trypsin, O.lmM EDTA and comparison wi th cell detachment by O.lmM EDTA only. 
Curve A: 0.2% trypsin + O. lmM EDTA, 
incubation time 30min , Km = 2.0mM, 
V = 2.6 nmol/(ju/ x min ) ; curve B: 0.2% 
trypsin + O.lmM EDTA, incubation time 
90 min, Km = 1.9mM, V = 2.5 nmol/ 
(lil x min) ; curve C: O. lmM EDTA (with-
out trypsin), incubation time 45 min , 
Km = 1.9mM, V = 2.0 nmol/Gz/ x min) . 
30 min after the beginning o f the detach-
ment procedure with trypsin and EDTA, 
glucose uptake was measured using half 
o f the cell suspension, the other half was 
incubated for further 60 min in the tryp-
sin/EDTA solution before measurements 
were repeated. These results are represen-
tative for those obtained in four similar 
experiments. Cells from another culture 
were detached by treatment for 45 min 
wi th a solution which contained O. lmM 
EDTA, while trypsin was omitted. Each 
point represents the mean from triplicate 
measurements. Performance of all meas-
urements in each o f the curves in Fig. 3 and 6 lasted for approximately 20 min. Temp. 20 °C; for regression analysis, 
the values for S = 0.5, 1.5, 3 and 6mM have been taken into account. For the units of S and S/v see legend to Fig. 4. 
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from the graphs of Fig. 6, amounts to 12% for 
EDTA (45 min), 10% for trypsin plus EDTA 
(30 min) and 16% for trypsin plus EDTA 
(90min), indicating that the non-saturable com-
ponent of D-glucose uptake also remained unal-
tered by trypsin treatment. Experiments as de-
scribed in Fig. 6 were also carried out with pro-
nase. Though measurements done immediately 
after detachment of the cells with pronase 
(< 15 min) normally yielded Km and V values 
comparable to those obtained after trypsin de-
tachment (Table 4), prolonged incubation of the 
cells with pronase (60 to 90 min) gave results that 
were less reproducible than those with trypsin 
treatment. The experimental data (not shown) 
obtained from six cultures, however, allow no 
final conclusion as to whether Km, For both 
parameters are indeed altered by prolonged pro-
nase treatment. Besides detachment of the fibro-
blasts by cleaving peptide bonds and chelation 
of divalent cations by EDTA, suspended cells 
were obtained by chelation of potassium ions by 
sodium tetraphenylborate and mechanical detach-
ment of cells grown on plastic foil. All detach-
ment procedures used yielded comparable Km 
and V values (Table 4), none of which lay be-
yond the standard deviation of the mean values 
obtained from 21 trypsin detachment experi-
ments, as mentioned above. 
Our results, therefore, confirm the observations 
of various other authors that - despite of the fact 
that trypsin causes numerous effects on the plas-
ma membranel 2 4> 2 5l — the glucose transport sys-
tem of various cells seems to be relatively resist-
ant to tryptic d iges t ion ' 9 ' 1 4 ' 2 6 ' 2 7 ! . This is consist-
ent with the view that membrane proteins in-
volved in transport processes are not readily ac-
cessible to external hydrolytic enzymes. 
Conclusion 
The advantage of the advocated method of meas-
uring initial transport rates of the glucose carrier 
of human diploid fibroblasts lies in its rapidity, 
which allows the use of its physiological sub-
strate D-glucose instead of analogues. This ad-
vantage is taken at the cost of converting the 
cells from the normal attached to a suspended 
state. This conversion could possibly cause a re-
duction of exposed plasma membrane owing to 
the change of form from a flat spread cell to a 
spherical one' 2 8! and lead to a redistribution of 
carrier molecules in such a way as to make them 
less accessible to their substrate. 
A meaningful comparison of the size of the plas-
ma membrane of human diploid fibroblasts in 
their attached versus their suspended state would, 
however, require an investigation of the exact 
changes of number and form of differentiated 
surface features, like microvilli, filopodia etc., 
associated with different detachment procedures. 
Bisseil et a lJ 9 ' described a diminished uptake of 
2-deoxyglucose into suspended primary and trans-
formed chick cells compared to the uptake of the 
attached cells; differences between the hexose 
uptake of the normal and the virus-transformed 
cells in the attached state were, however, retained 
in the suspended state. Plagemann'181 studying 
the transport parameters of 2-deoxyglucose in 
mouse embryo cells, found no differences in Km 
and V values between trypsin-EDTA detached 
cells and cells grown in monolayers; even the 
growth density dependece of the maximum trans-
port capacity for 2-deoxyglucose was retained in 
the suspended cells (Table 3). 
Measuring the uptake of D-glucose into suspended 
cells may serve as alternative to measuring the up-
take of glucose analogues into attached cells, 
when studying the glucose transport system of 
human diploid fibroblasts. Results concerning 
changes of glucose transport associated with X 
irradiation* and in vitro senescence of human 
diploid fibroblasts** will be presented elsewhere. 
The authors thank Prof. Heidt for valuable discussion 
and reading the manuscript. 
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